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Traditional packaging systems have certain limitations as to 
the indication of freshness and quality of the food packaged at the 
time of purchase, and it is often difficult to visualize whether or 
not the product is suitable for consumption. Experts predict smart 
packaging to be the future in food packaging solutions, since the 
increase in consumer demand for fresh food has consequently led 
to substantial growth in the development of packaging capable 
of providing food freshness information, enhancing storage, 
transport and distribution security (Ariyarathna et al., 2017; 
Liu et al., 2018). Smart packaging systems containing indicators 
are based on communicating information through direct visual 
changes, mainly alterations in color. Deterioration of packaged 
food can be detected by a color change on the label/packaging 
in response to microbial growth, microorganisms, moisture and 
gases like oxygen and ammonia (Ariyarathna et al., 2017). Based 
on the characteristic of the color change in relation to the acidic 
or basic media, pH colorimetric indicators have presented great 
potential for use in monitoring food freshness when relating the 
pH values with oxidation and microbial deterioration in fish 
(Huang et al., 2019; Aghaei et al., 2020), seafood (Wu et al., 2019; 
Mohammadalinejhad et al., 2020), pork (Chen et al., 2019), and 
packaged foods in general, for example, pork, milk and seafood 
(Qin et al., 2019). While biogenic amines are currently found 
among the decomposing agents of meat products, volatile amines 
such as ammonia, dimethylamine (DMA) and trimethylamine 
(TMA), designated as total volatile basic nitrogen (TVB-N), are 
responsible for the typical taste and smell of fish at the beginning 
of microbial decomposition (Wei et al., 2019). Due to the toxicity 
of these compounds, the production of amine indicator films 
offer advantages for fish and seafood consumers (Dudnyk et al., 
2018; Aghaei et al., 2020). The sensory characteristics of foods 
may vary depending on the quality of the raw material or the 
duration and temperature of storage and they can be determined 
using instrumental devices as well as by the perception of color, 
tissue, taste and smell through human senses. However, human 
senses may not always produce precise results since the color 
change in food is identified subjectively (Ünal Şengör et al., 2019).
Food deterioration has been also monitored by pH changes 
and natural dyes extracted from plants, fruits and vegetables 
(e.g. curcumin, blueberries, grapes, carrots) have shown potential 
use as indicators in smart films (Liu et al., 2018; Luchese et al., 
2018; Tirtashi et al., 2019). Anthocyanins, a class of natural water-
soluble dyes, are responsible for a wide range of colors found in 
several plants (from violet to red). Depending on the plant from 
which it is extracted, several molecular structures of anthocyanins 
can be found presenting different numbers of methoxyl and 
hydroxyl groups that influence their stability and color variation 
with pH. Due to the biodegradability, water-solubility and color 
sensitivity to pH medium, anthocyanins from the Jamun fruit 
(Syzgium cumini) and mulberry skin extracts and other food 
waste, for instance, have been reported as pH indicator dyes 
(Ma et al., 2018; Balbinot-Alfaro et al., 2019; Talukder et al., 2020). 
The incorporation of such natural dyes in polysaccharide-based 
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Abstract
Smart film from jackfruit seeds containing anthocyanin extract has potential application as a freshness indicator of fish as they 
deteriorate, changing the color as a function of the product pH. The lower solubility percentage of the films was evidenced by 
the lower anthocyanin extract volume. The films presented mean water vapour permeability values of 3.034 g.mm/kPa.h.m2. 
The starch/anthocyanin film (ST4.0I:AN5.0) showed higher tensile strength, while ST2.4I:AN5.0 and ST3.0I: AN5.3 showed lower 
resistance. A small change in color in the films was evidenced after 48 hours, and fish (FF10) presented a blue color after 146 hours 
with a reduction in a* values. Shrimp (SF10) presented  negative b* values and grayish color. The indicator film provides an 
alternative for a convenient, non-destructive and easy-to-view method, as well as informing consumers about the quality of 
the packaged product. The indicator function of the film was positive, suggesting the potential use of industry co-products in 
developing smart food freshness indicator packaging.
Keywords: intelligent packaging; co-products; polysaccharide; Artocarpus heterophyllus.
Practical Application: Jackfruit seed starch film with anthocyanin extractI: indicator of fish freshness.
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films have produced reliable responses to pH variations making 
them a diagnostic tool to ensure the safety and quality of food 
at the time of purchase (Halász & Csóka, 2018; Kurek et al., 
2018; Liu  et  al., 2018; Chen  et  al., 2019; Liang  et  al., 2019). 
Starch extracted from tapioca, yam, corn has been considered 
a promising agent as a film component for food packaging 
(Dthman et al., 2019; Santoso et al., 2019; Song et al., 2019) as it 
offers advantages by being obtained from renewable sources, it 
is biodegradable, has a relatively low cost, and is generally easy 
to obtain (Chen et al., 2019; Luchese et al., 2018).
The starch extracted from jackfruit (Artocarpus heterophyllus) 
seeds presents about 22.10% to 38.34% of amylose, classified as 
a high amylose starch. Jackfruit seed starch has a significantly 
higher gelatinization temperature, higher gelatinization enthalpy, 
and lower breakdown viscosity compared to most starches. 
The chemical composition of jackfruit starch varies according 
to different originsI: protein (0.09-3.68%), lipid (0.02-0.99%), 
and ash (0.03-0.99%) (Chen et al., 2016; Zhang et al., 2019; 
Kringel  et  al., 2020). Jackfruit is easily propagated in hot 
climates and the Northeast Region of Brazil is a large producer, 
reaching 100 fruits per year/tree each of which containing 
about 15 to 25% of seeds (Madruga et al., 2014) which makes 
them a sustainable source to produce polysaccharide-based 
biodegradable films.
This work presents the results obtained for a biodegradable 
polysaccharide-based film produced from starch extracted 
from jackfruit seeds incorporated with anthocyanin, a natural 
dye extracted from black grapes. The produced films were 
characterized, and the color changes as function of pH variations 
were investigated aiming to monitor the freshness of tilapia fish 
and shrimp.
2 Materials and methods
2.1 Chemicals
Tilapia fish (Oreochromis niloticus) and gray shrimp 
(Farfantepenaeus brasiliensis) were purchased fresh and clean 
at the Mucuripe Fish Market in Fortaleza (Ceará, Brazil) and 
transported in an icebox to the laboratory where the pH was 
measured. Samples of about 16 g were immediately placed in 
separate glass beakers, capped with the starch-based films and 
fastened with elastic alloy so that the films stayed about 10 cm 
from the food. The beakers were conditioned at 10 °C ± 1 °C 
and room temperature (30 °C ± 2 °C) for the analyses protocols. 
Jackfruit seeds (Artocarpus heterophyllus Lam.), for starch 
extracting, and Midnight Beauty and Sable Seedless black 
grapes, for anthocyanin extracting, were obtained in local 
markets in Baturité (Ceará, Brazil) and Fortaleza (Ceará, 
Brazil) cities, respectively. The seeds were kept frozen (~18 °C) 
until the day of starch extracting. Sodium bisulfite (NaHSD3) 
PA 58.3% SD2 (Vetec) was used for the starch extraction, 
while ethanol PA (Synth) and hydrochloric acid PA 36.5% 
(Dynâmica Química Contemporânea Ltda.) were used for 
anthocyanin extraction. The glycerol used in preparing the 
films was PA 99.5% with 0.5% moisture (Dinâmica Química 
Contemporânea Ltda.).
2.2 Apparatus and methods
A digital micrometer (resolutionI: 0.001 mm Mitutoyo) was used 
for the determination of the thickness of the films. FT-OR spectra 
were obtained on an OR Tracer-100 spectrophotometer (Shimadzu). 
The starch and anthocyanin extract were analyzed in a KBr pellet 
(4000-400 cm−1 range), with a resolution of 4 cm−1, operating in the 
range of 4000 to 400 cm−1, and diffuse reflectance infrared Fourier 
transformed spectroscopy (ATR-FTOR). Thermogravimetric analyzes 
(TGA) were performed in a Q50 (TA Onstruments, New Castle, 
USA) in alumina crucible with a heating rate of 10 °C min−1 in a 
synthetic air atmosphere and a flow rate of 50 mL min−1 in the 
temperature range 25-800 °C. The sample masses were 5.13 mg 
for starch and 4.5 mg for the film. The extracted starch and the 
film were also analyzed by differential scanning calorimetry 
(DSC) on Q20 equipment (TA Onstruments, New Castle, 
USA). The starch and film mass samples were 7.8 and 7.3 mg, 
respectively. The assay temperature ranged from -30 to 400 °C 
with a heating rate of 10 °C/min in an air atmosphere with a 
constant flow of 50 mL min−1.Tensile tests were performed in 
an EMOC DL-3000 Universal Testing Machine (Emic, São José 
dos Pinhais, Brazil) with a load cell of 100 N, initial separation 
of adhesion of 100 mm and traction speed of 12.5 mm min−1. 
For these tests, films with dimensions 12 mm × 100 mm were cut, 
packed in a desiccator with controlled temperature (23 ± 1 °C) 
and moisture (50%) for 48 hours. The tests were performed 
with five replicates for each treatment. A portable Colorimeter 
(Konica Minolta CR-410) equipment was used for the analyses of 
the color changes. The water solubility of the films was determined 
according to Gontard et al. (1994), with minor modifications. 
The films were cut into 22 mm diameter discs and the dry mass 
was determined until constant weight after being kept for 24 hours 
in an oven at 70 °C. After weighing, the samples were immersed 
in 50 mL of distilled water in an Erlenmeyer flask, capped with 
foil and allowed to stir in a bath (Marconi, MA 095) at 76.2 rpm 
and 25 °C for 24 hours. The samples were taken out of the water 
and placed in an oven at 70 °C for 24 hours for drying and then 
weighing. The solubility in water was expressed in percentage in 
mass of the solubilized material. The analyses were performed in 
quadruplicate. Water vapor permeability (WVP) was determined 
by gravimetry following ASTM E96-00 (American Society for 
Testing and Materials, 2000).
The films were cut into discs with 30 mm diameter and fixed 
to the permeability cell with 2 mL of distilled water. Cells with 
the films were stored at 26 °C and 75% relative humidity in dry 
box (Nalgon) desiccator containing silica gel and weighed 8 times 
for 24 hours. The analyses were performed in quadruplicate for 
each treatment and the result expressed in g.mm/kPa.h.m2. Tukey 
tests were run in order to evaluate if the difference in the data 
obtained in triplicate/quadruplicate are statistically significant.
2.3 Starch and anthocyanin extractions
The seeds of jackfruit were peeled and washed with tap water 
to remove excess peels. They were then immersed in 0.2% (w/v) 
SD2 sodium bisulfite solution for 30 minutes, then gradually 
mashed in a blender until the residues were fine. The dense and 
uniform paste was pressed into Nonwoven Fabric (NWF) over a 
common sieve until the entire starch was extracted. The obtained 
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starch suspension was decanted for 30 minutes at 25 °C, washed 
thoroughly with NaHSD3 solution and centrifuged at 10,000 rpm 
for 10 minutes at 25 °C. The supernatant was discarded and the 
precipitated starch was subjected to oven drying with circulation 
and air renewal (Solab, SL 102) at 45 °C, then crushed in an 
analytical mill (Basic Mill, A11). The starch extracted from 
the jackfruit seeds showed a percentage yield of 9.03% with a 
moisture content of 4.7%.
The skins of black grapes were washed, macerated and allowed 
to soak with ethanol/water extracting solvent (70I:30), pH 2, under 
refrigeration and protected from light for 48 hours. The extract 
was vacuum filtered and concentrated by rotavapor (Buchi R-215) 
at 40 °C, stored under refrigeration and protected from light. 
A 3% anthocyanin extract in ethanolI:water-HCl 1.5 mol/L 
solution was homogenized in a mechanical stirrer for 2 minutes 
and kept overnight under refrigeration (~10 oC). After filtration, 
the extract was analyzed in a spectrophotometer (Agilent 
Cary 60 UV-Vis) to read absorbance at 535 nm wavelength 
for anthocyanin. The results were expressed as mg/100 g of 
extract and the calculation was performed following the relation 
(absorbance x dilution factor/98.2) in which 98.2 is the molar 
extinction coefficient (ε) of cyanidin-3-glycoside, the main 
constituent of the extract (Niketic-Aleksic & Hrazdina, 1972). 
The concentration of total anthocyanin found in the grapes 
was 254.7 mg/100 g.
2.4 Preparation of the starch-based films
As a typical procedure, the solution of the starch extracted 
from the jackfruit was stirred for 24 hours at room temperature, 
enabling better homogenization and dissolution of the granules. 
After heated up to 95 °C for complete starch gelatinization, 
the temperature was lowered under stirring up to 50 °C when 
glycerol and anthocyanin were added followed by stirring for 
more 30 min. The film-forming solution was poured onto a Mylar 
glass plate and spreaded out with a 1.6 mm-thick stainless steel 
bar, and maintained at 30 °C for 24 hours.
Several assays were carried out with different starch and 
anthocyanin amounts to define the best proportion to be used 
in the film formation by the casting method (Table 1).
3 Results and discussion
The film-forming solutions containing different percentages 
(Table 1) of jackfruit starch and anthocyanin (ST/AN) were left 
to dry on glass plates following a simple casting procedure, as 
illustrated in Figure 1.
Table 1. Values of theoretical and experimental proportions of starch/
anthocyanin (STI:AN) for the film formulations.
Theoretical Experimental
starch extract starch (g) extract (mL)
ST2.4I:AN2.5 -1 -1 2.4 2.5
ST2.4I:AN5.0 +1 -1 2.4 5.0
ST4.0I:AN2.5 -1 +1 4.0 2.5
ST4.0I:AN5.0 +1 +1 4.0 5.0
ST1.9I:AN3.5 -1.41 0 1.87 3.5
ST4.1I:AN3.5 +1.41 0 4.13 3.5
ST3.0I:AN1.3 0 -1.41 3.0 1.73
ST3.0I:AN5.3 0 +1.41 3.0 5.27
ST3.0I:AN3.5 0 0 3.0 3.5
ST3.0I:AN3.5 0 0 3.0 3.5
ST3.0I:AN3.5 0 0 3.0 3.5
ST = starch; AN = anthocyanin extract.
Figure 1. Films of the starch of jackfruit seed with anthocyanin (ST/AN). (A) film-forming solution drying on the glass plate; (B) film being 
removed from the plate showing the plastic-like aspect and (C) application of the films on beakers with fish and shrimp samples at room 
temperature (TA). A control beaker is shown in the center for comparison. SourceI: Selene Daiha Benevides.
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After about 24h, the films presented a plastic-like aspect as 
can be ascertained from Figure 1B. Ot is important to note that the 
interaction with the starch did not promote the discoloration of 
the anthocyanins. Figure 1C shows the films placed on beakers 
containing fish and shrimp samples. All samples studied in this 
work present constant glycerol amount of 25% in relation to the 
total starch mass.
The thickness values of the ST/AN films presented a direct 
relation with the starch concentration ranging from 0.058 mm 
for the lower limit of starch (ST1.9I:AN3.5) to 0.098 mm for the 
highest starch concentration (ST4.1I:AN3.5). Table 2 presents the 
values of thickness (in mm) for different ratios of starch mass 
(in g) to anthocyanin volume (in mL).
While the thickness of the studied films presented a direct 
relation with the starch concentration, the solubility in water 
shown to be strongly dependent on the amount of anthocyanin, 
presenting solubilities going from 2.09% to 55.11% for the 
compositions ST3.0I:AN1.3 and ST4.0I:AN5.0 (Table 2), respectively. 
Such result is indeed expected due to the presence of hydroxyl 
groups in anthocyanin that favors the interaction with the water 
molecules through hydrogen bonds. High values of solubility, 
however, not only detrimentally affect the mechanical and 
barrier properties33 of the film but also decrease its stability 
because of the inherent facility of dissolution. Similar values 
of water vapor permeability (WVP) were determined for all 
the samples as can be seen in Table 2 where an average value 
of 3.034 g.mm/kPa.h.m2 ± 0.444 can be found.
While the thickness of the studied films presented a direct 
relation with the starch concentration, the solubility in water 
shown to be strongly dependent on the amount of anthocyanin, 
presenting solubilities going from 2.09% to 55.11% for the 
compositions ST3.0I:AN1.3 and ST4.0I:AN5.0 (Table 2), respectively. 
Such result is indeed expected due to the presence of hydroxyl 
groups in anthocyanin that favors the interaction with the water 
molecules through hydrogen bonds. High values of solubility, 
however, not only detrimentally affect the mechanical and barrier 
properties (Azeredo et al., 2012) of the film but also decrease its 
stability because of the inherent facility of dissolution. Similar 
values of water vapor permeability (WVP) were determined for 
all the samples as can be seen in Table 2 where an average value 
of 3.034 g.mm/kPa.h.m2 ± 0.444 can be found.
The lowest (2.296 g.mm/kPa.h.m2) and highest 
(3.524 g.mm/kPa.h.m2) WVP values were observed for 
ST1.9I:AN3.5 and ST4.1I:AN3.5, which contains lower and higher 
starch concentrations, respectively. These values are below those 
found by Kechichian et al. (2010) (4.65 to 9.01 g.mm m-2 d-1 kPa) 
when evaluating biodegradable films based on cassava starch 
added with natural antimicrobial ingredients also prepared 
by casting. The lower the WVP value, the greater the film 
efficiency with respect to the moisture barrier. The availability 
of hydroxyl groups for interaction with water is directly related 
to the permeability of biodegradable films and the greater the 
availability, the higher the WVP value (Mali et al., 2006).
Figure  2 shows the infrared spectra of the samples 
highlighting the regions of the stretching vibrational modes of 
DH, CH and CD. The spectrum of glycerol is also included for 
comparison purposes.
Table 2. Thickness, solubility, water vapor permeability (WVP), tensile strength and elongation at break of the ST/AN films.
Ratio (m/v) Thickness (mm) Solubility (%) WVP (g.mm/kPa.h.m2) Tensile strength (MPa) Elongation at break (%)
ST1.9I:AN3.5 0.058 ± 0.003b 52.18 ± 3.09c 2.296 ± 0.203b 4.35 ± 0.37b 33.48 ± 0.29cd
ST2.4I:AN2.5 0.077 ± 0.003f 5.62 ± 0.83ef 2.817 ± 0.152cd 6.14 ± 0,25bc 23.38 ± 4.26ac
ST2.4I:AN5.0 0.066 ± 0.002de 35.18 ± 3.31d 2.737 ± 0.189abd 5.88 ± 0.74bc 26.97 ± 5.38cd
ST3.0I:AN1.3 0.073 ± 0.005cdf 2.09 ± 1.49f 3.088 ± 0.041cde 6.52 ± 0.33ac 13.33 ± 3.29a
ST3.0I:AN3.5 0.068 ± 0.001cde 9.93 ± 1.31e 3.119 ± 0.132cde 6.17 ± 0.23bc 35.39 ± 7.77bd
ST3.0I:AN3.5 0.068 ± 0.002cde 4.86 ± 2.96ef 3.263 ± 0.136ab 6.14 ± 0.18bc 35.12 ± 0.09bd
ST3.0I:AN3.5 0.063 ± 0.002e 31.54 ± 2.94d 2.473 ± 0.090ce 7.38 ± 0.14ac 45.11 ± 4.41b
ST3.0I:AN5.3 0.078 ± 0.005f 7.61 ± 0.72ef 3.478 ± 0.171e 5.61 ± 1.95bc 36.35 ± 3.13bd
ST4.0I:AN2.5 0.075 ± 0.002cf 25.34 ± 0.17b 3.376 ± 0.077e 6.68 ± 0,47ac 30.91 ± 2.09cd
ST4.0I:AN5.0 0.080 ± 0.001f 55.11 ± 1.94c 3.466 ± 0.238e 8.16 ± 0.09a 37.54 ± 3.09bd
ST4.1I:AN3.5 0.098 ± 0.002a 42.43 ± 0.53a 3.524 ± 0.160e 6.73 ± 0.17ac 29.32 ± 2.93cd
ST = starch; AN = anthocyanin extract; m = mass in grams; v = volume in mL. Average of three values with standard deviation, same letter in the line indicates that there is no significant 
difference between the means by Tukey test (p < 0.05).
Figure 2. FTOR spectra of (A) starch, (B) ST4.0I:AN5.0 film, (C) anthocyanin 
and (D) glycerol, highlighting the regions of the stretching vibrational 
modes of DH, CH and CD.
Costa et al.
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The vibrational spectra of all samples present a broad band 
at around 3200 cm−1, assigned to the stretching vibrational 
mode (ν) of the DH bond of water and hydroxyl groups, and 
two weak sharp bands at around 2900 cm−1, ascribed to the axial 
deformation (δ) of the CH2 groups. The band at 1456 cm
−1in 
the spectrum of the starch sample, Figure 2A, is assigned to the 
in-plane bending vibration of DH bond typically seen in starch 
samples (Arik Kibar & Us, 2014; D’Connor, 1972). The region 
from 1200 to 900 cm−1 presents the characteristic starch bands 
(Figure 2A and B) assigned to the stretching vibrations of the CD 
bond in CDH and CDC groups (Chen et al., 2006; D’Connor, 1972). 
The spectrum of the anthocyanin extract, Figure 2C, presents a 
strong and relatively large band at around 1060 cm−1 assigned 
to the deformation of the CH bonds of the aromatic rings. 
The stretching vibration of the C=C bonds of the aromatic rings 
of the anthocyanin are observed at 1636 and 1405 cm−1 while the 
angular deformations of the CD bonds of the phenol moieties 
are seen at 1419 and 1340cm−1. The observation of the bands 
assigned to the stretching vibrations of the DH, CH and CD 
bonds in the spectrum of the ST/AN film, Figure 2B, indicates the 
presence of both the starch and anthocyanin starting materials.
The thermal decomposition of the ST/AN film was studied 
by temperature-dependent mass change (TG) and differential 
scanning calorimetry (DSC) techniques. The obtained thermograms 
are shown in Figure 3.
As can be ascertained from Figure  3A, the first event is 
observed at 66 °C referring to the moisture loss of the starch 
(water loss of about 5%) being consistent with the moisture of 
the starch. The second event occurs at 308 °C corresponding 
to a mass loss of 43.33% related to the polymer, and the third 
and last event occurs at 491 °C with the mass loss of 96.13%, 
suggesting depolymerization of the backbone (Mukurumbira et al., 
2017). Above 300 °C, the starch sample undergoes a series 
of irreversible changes associated starting with a structural 
alteration that leads the polymer to pyrodextrin (Han  et  al., 
2018). For the ST/AN film, the first event, which is ascribed to 
moisture loss, occurs at 52 °C corresponding to 1.69% of mass 
loss. The shoulder observed at 158  °C is assigned (Flaker et al., 
2010) to the degradation of glycerol. The second event is marked 
by a mass loss (19.60%) relative to anthocyanin at 205 °C, followed 
by polymer decomposition with about 51.68% of mass loss. 
Two other well-defined events are observed at 461 and 496 °C 
being assigned to the depolymerization of the starch backbone 
and the formation of β- (1-6) anhydrous D-glucopyranose 
(levoglycoside), 2-furaldehyde (furfural), among other low 
molar mass products (Aggarwal, & Dollimore, 1998). The mass 
changes for the two samples are completed at 510 °C when the 
curve exhibits a constant range.
From the profiles of the DSC curves, Figure 3B, the melting 
temperature of the starch is observed at 105 °C. Upon incorporation 
of anthocyanin and glycerol for the film formation (red curve) 
this process is observed at 99 °C. Two other events are observed 
at 162.97 and at 207.41 °C for the ST/AN film (black curve) being 
assigned to the melting of anthocyanin and starch, respectively.
3.1 Mechanical tests
Ot was possible to obtain values of the maximum tensile 
strength using the tensile test and percentage of elongation at 
break for all films prepared in the central composite rotational 
design (CCRD), according to Table 2.
The films generally had low tensile strength. However, 
in analyzing the starchI:anthocyanin (STI:AN) ratios, it was 
observed that there was lower tensile strength in the lower starch 
concentration (ST1.9I:AN3.5), which was already expected due to 
its lower thickness. The ST4.0I:AN5.0 film showed higher tensile 
strength, and the ST2.4I:AN5.0 and ST3.0I:AN5.3 films presented 
lower resistance when compared to the others, and could have 
occurred due to the higher anthocyanin concentrations of 8.3% 
and 8.9%, respectively, relative to the starch concentration. A greater 
amount of anthocyanin may have clustered between the starch 
chains and decreased their strength. Halász & Csóka (2018) 
observed that the interaction between chitosan and chokeberry 
extract leads to low mobility of the polymer chain, a behavior 
reflected in the lower tensile strength values. The anthocyanin 
concentration had little effect on the elongation of the films, 
since the standard deviation was very high (values not shown), 
except for ST3.0I:AN1.3 with a value of 14.84%. The elongation 
values at break found in the literature are very diverse, depending 
on the preparation conditions of the film (Ferreira et al., 2014; 
Kurek et al., 2018). The decrease in breaking elongation can be 
attributed to the formation of polyphenolic crystals accessible in 
the polymer matrix without being chemically bonded, and thus 
Figure 3. (A) TG and (B) DSC curves for jackfruit seed starch (––) and ST4.0I:AN5.0 films (--).
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the flexibility of the film is reduced. Similar results were reported 
by Pastor et al. (2013) and Siripatrawan & Vitchayakitti (2016). 
The authors found that the elongation decreased with increasing 
concentration of the propolis extract in the chitosan film.
3.2 Color change analysis of smart films
The evaluation of the film’s color change occurred by exposing 
the film in different beakers with fish (FF) and shrimp (SF) samples, 
according to Figure 4. These foods release volatile amines (TVB-N) 
at the beginning of their microbial degradation, making it easier 
to see the color change of the film as a function of pH. The film 
selected for application in fish samples was ST4.0I:AN5.0 because it 
presented better visual appearance (more homogeneous and without 
bubbles), greater thickness and greater mechanical resistance. 
Figure 4A shows fish samples stored at room temperature (30 °C) 
for 3 days. No color change was seen in the films in the first 7 hours.
After 24 hours, the fish sample film (FF30) showed a greenish 
color and the film covering the beaker with the shrimp (SF30) 
was slightly violet. At 3 days, the odor exhaled by the fish was 
already perceptible due to the deterioration process. The film that 
covered the beaker with the fish was yellowish and the shrimp film 
was slightly green. The control film (CF30) showed no change in 
color. Figure 4B shows the samples during the 10 days of storage 
at 10 °C. The films that covered the beakers containing the fish 
presented a variation in color. No change in color of the films 
was seen in the first 24 hours of storage, but after 48 hours they 
started to show a slight color change and continued without 
much variation up to 72 hours. After 146 hours (6 days), the 
FF10 film presented bluish color and the SF10 was slightly blue.
After 240 hours (10 days) of storage, the FF10 film was green 
and the shrimp film was bluish. The CF10 film did not show a 
color change. At room temperature for 3 days, the initial fish 
pH (6.08) increased to 8.56 and the initial shrimp pH (6.80) 
increased to 7.76. For the refrigeration temperature test, the 
pH of the fish increased to 8.83 and the shrimp to 7.34. Fish 
deterioration increased pH due to decomposition of amino acids 
and urea. When the medium goes from neutral to alkaline, the 
fish becomes unsuitable for consumption. The fish film showed 
greater intensity of color change in both tests, indicative of greater 
release of volatile amines. The yellowish/green color of the films 
tested with the fish may have occurred due to the formation of 
chalcone (one of the anthocyanin structural forms). The blue 
color observed in the films tested with shrimp may be associated 
with the formation of the quinoidal base of anthocyanins.
L, a* and b* parameters (Table 3) were determined in order 
to evaluate the color variation in the films after the storage period 
when compared to the control film. Changes in these parameters 
indicate the relationship between color changes.
The films presented very close luminosity values with an 
average value of 68.03, indicating that they are lightly clear, with 
the exception of FF30. The a* parameter was evaluated due to 
incorporating anthocyanin to the films, where both CF10 and 
CF30 presented close values of 26.96 ± 0.06 and 28.88 ± 0.02, 
respectively, confirming red color. A reduction in the a* values 
Figure 4. Visual appearance of jackfruit seed starch/anthocyanin films applied in beckers. Each photo contains fish (FF) on the left, control (FC) 
in the center and shrimp (FS) on the right stored at (A) room temperature (30 °C) and (B) refrigerated temperature (10 °C). SourceI: Selene 
Daiha Benevides.
Table 3. Luminosity L*, chroma a*, chroma b* of the films applied in 
fish (FF), shrimp (SF), and control (CF) samples stored at room (30 °C) 
and refrigerated (10 °C) temperatures.
Sample L* a* b*
FF30 74.82 ± 0.00a 2.13 ± 0.01f 11.92 ± 0.02a
SF30 67.47 ± 0.03c 2.76 ± 0.04e -0.13 ± 0.01b
CF30 66.25 ± 0.06e 28.88 ± 0.02a -3.53 ± 0.02d
FF10 66.50 ± 0.01d 7.94 ± 0.03d -1.92 ± 0.01c
SF10 68.89 ± 0.01b 15.24 ± 0.04c -8.29 ±0.02f
CF10 64.35 ± 0.01f 26.96 ± 0.06b -5.46 ± 0.03e
Average of three values with standard deviation. Same letter in the line indicates that 
there is no significant difference between the means by Tukey test (p < 0.05).
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was observed after the storage time with the fish. Another 
observation was related to the negative b*values and close to 
zero, indicating slightly grayish films, except for FF30 which 
presented positive b* values approaching yellow color.
The color change of the films can be justified by the release 
of volatile amines such as ammonia (NH3), dimethylamine 
(DMA) and trimethylamine (TMA) over the course of fish 
deterioration. These substances which have pH above 7 react 
with the anthocyanins, causing the color change. Anthocyanins 
have a positive charge on their C ring in comparison to other 
flavonoids, which leads to different colors in response to various 
pH, with the most significant variation being in the basic region 
due to the lower stability of the molecules in that medium 
(Huang et al., 2019).
4 Conclusion
Smart films based on jackfruit seed starch with anthocyanins 
from grape skins added, both co-products from food processing 
industries, was developed, characterized and evaluated as a 
potential indicator of fish freshness. The results were found 
to be interesting from an industrial and commercial point of 
view, since both the materials used and the color change of the 
studied films can be adapted to different applications, helping the 
consumer when buying food. The color change occurred due to 
the release of TVB-N during the fish deterioration, altering the 
pH of the products which reacts with the anthocyanin. Ot was 
possible to establish a correlation between the color change and 
the freshness of the tested samples. However, further testing, 
including modifications of the starch used or polysaccharide 
blends, or even some type of reinforcement should be performed 
to verify improvements in mechanical characteristics. Different 
applications of the film in other foods and in adverse environmental 
conditions will favor its applicability as an smart pH-indicating 
film. Dne possibility of applying this film would be as a visual 
indicator in the form of a label indicating the food freshness 
when inserted into the product packaging.
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